A novel ultrasound assisted-cloud point extraction method was developed for preconcentration and determination of V(V) in beverage samples. After complexation by pyrogallol in presence of safranin T at pH 6.0, V(V) ions as ternary complex are extracted into the micellar phase of Triton X-114. The complex was monitored at 533 nm by spectrophotometry. The matrix effect on the recovery of V(V) from the spiked samples at 50 µg L -1 was evaluated. In optimized conditions, the limits of detection and quantification of the method, respectively, was 0.58 and 1.93 µg L -1 in linear range of 2-500 µg L -1 with sensitivity enhancement and preconcentration factors of 47.7 and 40 for preconcentration from 15 mL of sample solution. The recoveries from spiked samples were in range of 93.8-103.2% with a relative standard deviation ranging from 2.6% to 4.1% (25, 100 and 250 µg L -1 , n: 5). The accuracy was verified by analysis of two certified samples, and the results were in a good agreement with the certified values. The intra-day and inter-day precision were tested by reproducibility (as 3.3-3.4%) and repeatability (as 3.4-4.1%) analysis for five replicate measurements of V(V) in quality control samples spiked with 5, 10 and 15 µg L -1 . Trace V(V) contents of the selected beverage samples by the developed method were successfully determined.
Introduction
Vanadium generally exists as two species as V(V) and V(IV), and V(V) is more toxic than V(IV) for living organisms because it can damage the respiratory, nervous and digestive systems. 1, 2 While low levels of vanadium are necessary for humans, high concentrations can cause damage by creating a toxic effect. V(V) is also known to be a stronger inhibitor of the enzyme Na-and K-ATPase than V(IV). 3 Vanadium is more likely to be present in food. 4, 5 In fact, it generally exists at levels ranging from 1 to 5 µg kg -1 in drinks and fruit juices, 6 from 4 to 41 µg L -1 in tea infusions, 7 up to 90 µg L -1 in wines 8 and Environmental Protection Agency (EPA) has reported that the allowed limit of vanadium is 50 mg L -1 . 9 Because of the low levels of vanadium in foodstuffs, development of simple, easy to use, safe, fast and sensitive analytical methods is of great importance for environmental risk assessment. A number of analytical detection techniques are used for vanadium determination. In general, the most commonly used analytical techniques are flame atomic absorption spectrometry (FAAS), 10, 11, 12 electrothermal atomic absorption spectrometry (ET-AAS), which is also known as graphite furnace AAS (GF-AAS), 13 inductively coupled plasma mass spectrometry (ICP-MS), 14, 15 neutron activation analysis (NAA), 16 inductively coupled plasma-optical emission spectrometry (ICP-OES), 17 fluorometry, 18, 19 requiring sample pretreatment steps such as ion-exchange, 20 solid phase extraction (SPE), 21, 22 liquid phase microextraction (LPME), 23 and cloud point extraction (CPE). [24] [25] [26] [27] [28] CPE is superior to traditional solvent extraction because of its high extraction yield and preconcentration factor, and has several advantages such as simplicity, inexpensiveness, operational safety and use of non-toxic rea gents. 29, 30 Before detection, CPE is used as a separation and preconcentration method using a surfactant to cause the generation of micellar surroundings and phase separation when a nonionic surfactant solution (or its mixture with cationic or anionic surfactant) as extractant is heated above the critical temperature. At the determined tempera-ture, the surfactant-rich phase is separated from the diluted aqueous phase by adding a small volume of hydrophobic substance. 31 The CPE process has successfully been used for the separation and preconcentration of trace levels of V(V) or V(IV) from different sample matrices 6, 29, [32] [33] [34] [35] [36] using different chelating agents. In this sense, there are some publications dealing with CPE-spectrophotometric determination of vanadium in different sample matrices with their own advantages and disadvantages. [24] [25] [26] [27] [28] Moreover, solidified floating organic drop microextraction (SFODME) 37 and on-line temperature-assisted ionic liquid based dispersive liquid liquid microextraction (on line TA-IL-DLLME) 38 in combination with spectrophotometry as further preconcentration tools prior to analysis were also used for sensitive determination of vanadium in environmental samples.
The objective of the present study is to develop a simple, sensitive and selective ultrasound assisted-CPE (UA-CPE) method coupled to spectrophotometry for determining vanadium levels present in beverages. Ultrasound energy was used to increase the extraction rate at micellar interface and to improve the extraction efficiency. The proposed method is based on the complexation reaction of V(V) by pyrogallol in the presence of cationic phenazine group dye, safranin T as ion-pairing agent at pH 6.0, and extraction of the formed ternary complex into the micellar rich phase of Triton X-114. In order to attain high recovery, selectivity, and precision for the determination of V(V) in beverage matrices by spectrophotometry after preconcentration by UA-CPE, the various analytical parameters affecting the complex formation and the extraction efficiency with minor sample treatment were investigated and optimized. The UA-CPE procedure can be an alternative to other separation/preconcentration procedures for the trace analysis of vanadium in other sample matrices of nutritional and toxicological importance like foodstuffs.
Experimental

1. Instrumentation
The absorbance measurements were performed using a double-beam UV-Visible Spectrophotometer (Shimadzu UV-1800 PC, Kyoto, Japan) equipped with the 1.0-cm quartz cells. The pH measurements were made using Jenway 3010 pH meter (Staffordshire, UK). A centrifuge apparatus (Hettich Universal, Universal-320, Hettich Centrifuges, UK) was used for the phase-separation procedure. An ultrasonic bath operating with a frequency of 40 kHz at power of 300 Watt (UCS-10 model, Seoul, Korea) was used efficiently to control and to keep constant the determined temperature for the UA-CPE.
Reagents and Solutions
The analytically pure reagents were used, and all solutions were prepared from doubly distilled water during the analysis. Stock solution of V(V) (1000 mg L -1 ) was prepared from ammonium metavanadate. All standard solutions were prepared daily. A 0.1 mmol L -1 safranin T and 0.081 mmol L -1 pyrogallol solution were prepared from standard solutions. To protect its stability against oxidation, it was prepared by dissolving in methanol containing 1.0 mol L -1 HCl and diluting with water, and kept in dark. The solutions (1.0%, w/v) of Triton X-114 and Triton X-45 (Sigma) as extractants were prepared by thoroughly mixing with vortex in 100 mL of water, and were used without further purification. The electrolyte solutions of 0.01 mol L -1 were prepared by using suitable amounts of KCl and KNO 3 in deionized water. The universal Britton-Robinson buffer solutions at pHs ranging from 3.0 to 8.0 were prepared by mixing H 3 BO 3 , H 3 PO 4 and CH 3 COOH at equal molar concentrations (0.04 mol L -1 ) with 0.2 mol L -1 NaOH and adjusting to a suitable pH value by a pH meter.
3. Procedure for UA-CPE
In the UA-CPE, an adequate amount (approx. 3.0 mL) of sample solution or a standard V(V) solution in a linear range of 2-500 µg L -1 , 1.6 mmol L -1 of B-R buffer solution at pH 6.0, 1.6 µmol L -1 of pyrogallol, 2.0 µmol L -1 of safranin T, 6.0 mmol L -1 of KCl solution, and 0.05% (w/v) Triton X-114, respectively, were sequentially transferred to a conical tube. Then, the solution was diluted to 50 mL with water. Afterwards, the resultant solution was placed in an ultrasonic bath (300 W, 40 kHz) and sonicated at 50 °C for 3 min. The final solution was centrifuged at 4000 rpm for 15 min for separation of the aqueous and surfactant-rich phases. After centrifugation it was cooled down in an ice bath for 10 min to facilitate phase separation. After cooling in an ice bath, the supernatant aqueous phase was separated from the aqueous bulk phase. The surfactant rich phase in the tube was diluted by adding 1.5 mL of ethanol to reduce its viscosity. The above mentioned procedures were also repeated for blank solution. At last, the total V contents as V(V) of all the pretreated and extracted samples and SRMs were spectrophotometrically monitored at 533 nm.
4. Sample Preparation
All beverage samples used in this study were purchased from a supermarket in Sivas, Turkey. Firstly, 25 mL of beverage samples were pretreated by trichloroacetic acid (3.0% (w/v), 5 mL) for destruction of organic matrix due to being rich in protein and fat. Subsequently, the mixture was mixed with vortex, precipitated at 4000 rpm for 15 min and filtered by the membrane filter. Before analysis, in order to test the accuracy and precision of the proposed method, all samples including the pretreated milk samples were subjected to two digestion process in parallel, until obtaining completely clear, colorless, homogenous digests.
Temel and Gürkan: Preconcentration and Determination of Trace ... The steps of the experimental procedure: 20 mL of beverage samples in plastic type boxes, 6 mL of 65% (w/w) HNO 3 and 4 mL of 30% (w/w) H 2 O 2 (3:2, v/v) were transferred in a 100 mL conical flask. The obtained mixture was heated at 120 °C nearly to dryness. The mixture was diluted to 50 mL with water after cooling to room temperature and centrifuged. The pH of the mixtures was adjusted to the desired values (7.0) using 0.1 mol L -1 NaOH solution. The process was then repeated to determine total V levels as a measure of V(V) concentration by taking approximately 3 mL of the beverage samples at the optimal conditions.
The steps of the second sample digestion treatment using ultrasound: 20 mL of the samples, a mixture of 4 mol L -1 HNO 3 , 4 mol L -1 HCl and 0.5 mol L -1 H 2 O 2 (1:1:1, v/v) were sequentially transferred to the 100 mL conical flask. Then, the resultant solution was diluted to 100 mL with water and kept in the ultrasonic bath for 20 min at 60 °C (300 W, 40 kHz). The phases were separated by centrifugation for 15 min at 4000 rpm. The separated solution was completed to 50 mL with water, and its pH was adjusted to 7.0 by NaOH solution. The process was applied to determine total V levels as a measure of V(V) amount by taking approximately 3 mL of the sample under the optimal conditions.
Results and Discussion
In order to determine the optimum conditions, the analytical variables involved in complex formation such as pH, buffer concentration, concentrations of pyrogallol as chelating agent, safranin T as ion pairing reagent and surfactants, including operational factors affecting extraction efficiency such as centrifugation rate and time, temperature and time for the determination of V(V) at 50 μg L -1 were investigated in detail.
1. Effect of pH
CPE procedures used in the separation and extraction of metal ions need the formation of a hydrophobic metal-chelate complex to be extracted in the surfactant-rich phase. The pH plays a significant role in metal-chelate complex formation. It affects the charge of the analyte, therefore it affects the generation of the extractable hydrophobic complex between the metal and primary/secondary ligands with the hydrophilic and hydrophobic centers of surfactant. 39 Thus, extraction efficiency is highly dependent on the pH at which complex formation is investigated. A set of similar experiments were carried out in the pH range of 3.0-8.0 in Britton Robinson buffer. The effects of pH on the extraction of V(V) complex are given in Figure 1 (a). In the pH range of 5.5-6.0, extraction was quantitative. When the pH values are below or above 6.0, extraction efficiency decreases due to uncomplete complex formation and probable degradation of the complex (for fast oxidation of VO(OH) + species with dissolved oxygen) at increased pHs, respectively. 33 The V(V) ion is often present in forms of VO 2 + (pH < 3. -complexes in strongly alkaline aqueous solution. As a result of reduction of V(V) to V(IV) in the presence of a reducing, chelating agent such as pyrogallol (HL) and redox sensitive ion-pairing reagent, safranin T, it can be expected that V(IV), proportional to V(V) concentration, forms a pH dependent anionic chelate complex in presence of safranin T as follows:
Therefore, pH 6.0 was selected as the optimal value. When considering complex formation with V(V) or V(IV), it is implied that V(V) can be reduced to V(IV) easily owing to the sufficient redox potential (VO 2 + /VO 2+ : 1.00 V in a strongly acidic solution) given in the literature. 42 Also, it was assumed that V(V) was reduced to V(IV), and this fact was confirmed by ESR analysis of vanadium adsorption on a persimmon tannin gel from the NH 4 VO 3 solution at pH 6.0, due to the formation of a stable complex of V(IV) with catechol and pyrogallol groups in the gel. With a complex formation constant of pK f : 16.67, this state is attributed to the fact that vanadyl cation,VO 2+ , a strong acid, forms stable complexes with both strong bases, catechol and pyrogallol, as a result of the tannin gel adsorbs VO 2+ ions with high efficiency. 43 In a similar way, it was confirmed that in the interaction with 2,6-dithiolphenol at pH 4.0, V(V) initially reduced to V(IV), and the produced V(IV) gave anionic chelate complex, VOL 2 2- , and then formed ion-pairing complexes with hydrophobic amines , o-, m-and p-toluidine derivatives (as R-NH 3 + ) detected by both spectrophotometry and ESR spectrometry. 44 Moreover, so as to support the mechanism of complex formation, from potentiometric titration data obtained in two separate studies, 45, 46 including other studies based on ion-association, 47, 48 it has been observed that pK a value of chelate complex formed between vanadyl ion, VO 2+ and pyrogallol at pHs near to neutral is 5.40 where it spontaneously forms a highly stable complex with a logK f ranging from 22.97 to 21.68 at pHs near to neutral, gradually decreasing with increasing temperature in range of 25-45 °C. Also, under optimal conditions, it has been ob-served that after pre-reduction and hydrolysis in absence and presence of safranin T as ion pair, vanadium is complexed with pyrogallol in form of anionic VO(OH)L 2 -with a logK f of 20.9 with relative error of -3.6% at pH 6.0, and then extracted as the hydrophobic ternary complex in form of VO(OH)L 2 SF into the micellar phase with stoichiometric ratios 1:2 and 1:2:1, as determined using the molar ratio and Job's continuous variation methods. In light of all these findings, the influence of buffer concentration in range of 0.15-2.0 mmol L -1 at pH 6.0 in Figure  1 (b) was also investigated, and the maximal and stable signal was provided at a buffer concentration of 1.6 mmol L -1 . reaches the maximum value while pyrogallol concentration linearly increases up to a concentration of 1.6 µmol L -1
. At higher concentrations than 1.6 µmol L -1 , the analytical signal gradually decreases, due to the charge transfer complex formation between pyrogallol and safranin T in absence of V(V) by donor-acceptor mechanism. 49 Therefore, pyrogallol concentration of 1.6 µmol L -1 was chosen as the optimal concentration for the subsequent experiments.
The influence of safranin T amount as ion-pairing reagent on the extraction yield of V(V) was studied in the range of 0.4-7 µmol L 
2. Effect of Pyrogallol and Safranin T Concentrations
At the optimal pH, the influence of the pyrogallol amount as the main chelating agent in the range of 0.3-4 µmol L -1 was studied, and the results are demonstrated in Figure 2 , but this increase in signal slows down with a lower slope, so as thermodynamically to reach a plateau at a saturation point. Perhaps, the aggregation of safranin T at higher concentrations may cause a decrease in the absorbance value. The literature findings show that safranin T, which is a redox-sensitive dye, has a dimerization constant of K D : 4.73 at high concentrations. 50 Thus, 2 µmol L -1 of safranin T was determined as the optimal value for further studies.
Effect of Triton X-114 Concentration
The nonionic surfactant concentration as extractant is one of the most important factors affecting the CPE of metal ions. Usually, non-ionic surfactants such as Triton X-114, Triton X-45, PONPE 7.5 were extensively used in CPE of V(V). The non-ionic surfactants are used to create micelle aggregates, these very efficiently capture the complexes, so as to get simple phase separation. The surfactants have relatively low cloud point temperature, high extraction yield, are commercially available, of high purity, nonvolatile and of low toxicity. 51, 52 , However, surfactant concentrations in range of 0.006-0.06% (w/w) were used. Figure 3(a) shows the effect of non-ionic surfactant concentration, the maximal extraction efficiency and higher signal was obtained by using 0.05% (w/w) Triton X-114 while a concentration of 0.06% (w/w) for Triton X-45 was needed. Thus, Triton X-114 with a significant sensitivity difference was chosen as adequate non-ionic surfactant. Its concentration of 0.05% (w/v) was fixed for subsequent studies. At values above this concentration, the extraction efficiency was slightly lower due to the increase in the volume and the viscosity of the surfactant-rich phase. 53 Below this value, the decrease in the absorbance as a measure of extraction efficiency is due to deficiency of the surfactant assemblies to extract the hydrophobic complex quantitatively. 
4. Effect of Ionic Strength
The ionic strength of the solution can influence the extraction process and yield of extraction owing to altered density of the aqueous phase and remarkably simplify phase separation. Therefore, the effect of ionic strength on the CPE was also studied by observing the extraction efficiency for several electrolyte solutions such as KCl and KNO 3 concentration in the range 1-7 mmol L -1
. The values in Figure 3(b) show that the presence of increased concentration of electrolyte can increase the micelle size and aggregation amount and a decrease in the equilibrium temperature is observed, but the critical micelle concentration (CMC) remains stable. Besides, inorganic salts enhance the hydrophobic interactions among surfactant aggregates and analytes. The obtained results indicate that both electrolyte solutions can affect the UA-CPE. However, the best analytical signal was provided at a KCl concentration of 5.0 mmol L -1 with a significant sensitivity difference. Therefore, 5.0 mmol L -1 KCl was chosen as optimal value.
5. Effects of Equilibrium Temperature and Incubation Time
In this study, equilibrium temperature and incubation time were also optimized. In order to obtain the maximal preconcentration factor from sample volume of 15 mL, the UA-CPE should be performed at temperatures higher than the determined temperature for cloud-point. The effect of equilibrium temperature for Triton X-114 was studied in range of 30-60 °C under ultrasonic power (300 W, 40 kHz). The matrix became blurry when the solutions were placed in the ultrasonic bath with temperature equal to and higher than 30 °C due to its low cloud point temperature (23 °C), and the temperature had a notable effect on the extraction yield and the analytical signal was maximal in temperature range of 45-50 °C. Figure 4 mum in 50 °C. The decrease in absorbance at temperature higher than 50 °C is likely due to the dissociation of the metal-chelate complex. Therefore, 50 °C was selected as the optimal temperature. The effect of incubation time on UA-CPE at 50 °C was studied within the range of 1-20 min in order to attain the equilibrium between two phases. From results in Figure 4(b) , it is clear that an incubation time of 10 min is enough for quantitative extraction of analyte by UA-CPE.
The effect of centrifugation time at 4000 rpm was studied for time interval 5-20 min. It was found that a centrifugation time of 15 min was sufficient for efficient phase separation.
6. Effect of Viscosity
Since the surfactant-rich phase provided by UA-CPE is quite viscous, in order to facilitate the detectability of samples by spectrophotometer, the viscosity must be reduced by addition of a diluent into the surfactant-rich phase. To establish the most suitable diluent, several organic solvents such as THF, acetone, acetonitrile, ethanol and methanol was investigated. From calibration curves constructed between absorbance and vanadium concentrations of 10, 20, and 40 µg L -1 with a wavelength difference ranging from 3 to 15 nm, ethanol gave the best analytical sensitivity (m/s, where m and s, respectively, are the slope of calibration curve and standard deviation of measurement) and was found to be suitable for dilution of surfactant-rich phase. Therefore, the surfactant-rich phase was diluted to 1.5 mL using ethanol. At these conditions, the analytical signals were maximal and reproducible.
7. Effect of Sample Volume
A significant amount of sample solution is necessary to provide the maximal enrichment factor in terms of a new method development. The compatibility with Beer's law was studied by monitoring the absorbance of serial solutions of V(V) in different concentrations. For this purpose, 3, 5, 10, 15, 20, 25, 30 and 35 mL of solutions containing 600 ng of V(V) were pretreated and extracted by UA-CPE under the optimal conditions. For this purpose, the sample volume was sequentially varied from 3 to 35 mL, the extraction was performed, the extract was diluted to 1.5 mL with ethanol, and the absorbance of each sample was measured against a sample blank. The results showed that by increasing the sample volume up to 15 mL, the extraction efficiency was gradually increased and became constant at higher volumes. Therefore, a sample volume of 15 mL was selected as optimal for maximal enrichment factor.
8. Analytical Figures of Merit
Under the optimized conditions, as can be seen in Ta , and the sensitivity enhancement factor was 47.7 for enrichment or preconcentration of 15 mL sample by UA-CPE. The sensitivity enhancement factor was calculated from the slopes of the calibration curves established after and before preconcentration, in which the linear working range without preconcentration is 40- Another variable that describes the preconcentration process, such as consumptive index (CI), 55 was determined. The consumptive index is described as the sample volume (mL), consumed to reach a unit of enrichment factor (EF): CI = V sample (mL) / EF, where V sample is the sample volume.
Under the optimal conditions, the absorption spectra of the micellar system, which has a maximum absorption at 533 nm, for three concentration levels of V(V) (2, 5 and 10 µg L -1 ) including a sample blank is presented in Figure 5 (a). Also, linearity fit with a sensitivity increase of 9-fold in slope of calibration for linear working range of 2-10 µg L -1 is given in Figure 5 (b).
9. The Matrix Effect
In this study, in order to show the selectivity of the method, the effect of possible interference of some metal ions on the quantitative analysis of V(V) (50 µg L -1 ) was tested. The results obtained in this investigation are summarized in Table 2 . A relative error of less than 5% was considered to be within the range of acceptable error. It is clear that interfering ions, which can potentially be found in environmental samples with tolerance ratio ranging from 25 to 1500, did not exhibit a matrix effect in determination of 50 µg L -1 of V(V) by this procedure. Therefore, it can be concluded that the developed method is fairly selective.
10. The Analytical Applications of the Method
The analytical applicability of the developed UA-CPE method was checked by the quantitation of V(V) in Table 3 (b). The intra-day and inter-day precision (as RSD%) have been in range of 2.7-4.1% and 2.7-3.6% for the selected sample matrices, apple vinegar and semiskimmed milk, respectively, while the recovery rates from spiked samples are in range of 94.0-99.0% and 92.0-97.0%.
Finally, the method after preconcentration with UA-CPE was applied to the determination of trace V(V) in some beverage samples after pretreatment with two different digestion procedures. The obtained results and the recoveries for the spiked samples are presented in Table 4 . These results demonstrate that the recoveries for the spiked samples are in range of 95-98% with a lower RSD than 4.6%. When the mean values obtained by two analytical digestion approaches are compared, it can be seen that the experimental t-values (0.16-1.15) are statistically lower than the tabulated t-value of 2.31 for degree of freedom of 8 at 95% confidence interval, so as not to show a significant difference between the results. These results clearly indicate that the developed method can be reliably applied to the analysis of the selected beverage samples without any matrix effect.
11. Comparison to Other Reported Preconcentration Methods
A comparison of the method performance with those of other preconcentration methods in literature for vanadium determination in beverage samples is given in Table 5 . Apparently, the presented method has low LOD (40) from preconcentration of 15 mL of sample, and these analytical features are comparable or even better than those of most of the other preconcentration methods in Table 5 . The combination of the UA-CPE with spectrophotometry as an alternative to the other previously reported detection techniques such as FAAS, ET-AAS, GF-AAS and ICP-OES offers several advantages including simplicity, easy to use, inexpensiveness, high recoveries, high preconcentration factor, and great extraction yield. The proposed method provides advantages such as wider linear working range, lower limit of determination, and precision with a reasonable sensitivity enhancement factor.
Conclusions
In this study, a new, accurate, precise, sensitive and selective UA-CPE procedure for extraction and preconcentration of trace vanadium present in the selected beverages using safranin T and pyrogallol at pH 6.0 has been reported before its determination by spectrophotometry at 533 nm. The UA-CPE procedure is simple, easy to use, safe, rapid, eco-friendly and inexpensive preconcentration tool. After separation and preconcentration of analyte from sample matrix, spectrophotometry at 533 nm as detection tool, which does not require expert user in his/her area and that can be readily accessible in almost every analytical research laboratory, was reliably used to monitor the vanadium levels in sample matrix. The method allows detection of vanadium at levels of 0.58 µg L -1 with sensitivity enhancement of 47.7, thus it can be used as an alternative to other analytical methods in the monitoring of free vanadium in the complex samples. The method was successfully applied to the extraction, preconcentration and determination of total V (as V(V) selected as analyte) in beverage samples after pretreatment with acid mixture, and satisfactory results were obtained.
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